for the VICTIM Register Investigators* Background--There is a scarcity of knowledge as to whether rates of myocardial reperfusion use and 30-day mortality for patients with ST-segment-elevation myocardial infarction are similar among patients using the Brazilian Public Health System (SUS) and those using the private healthcare system.
universality (for all), integrality (all levels of care), and equity (treatment as needed equally). 4 Nevertheless, the Brazilian healthcare system design needs to be rethought, as Brazil occupies the 79th position in the human development index ranking, a measurement that uses health as one major dimension. 2 Categorized as a middle-income country, Brazil has entered the epidemiological transition era. 5, 6 Cardiovascular disease is the leading cause of death, and it is a growing epidemic in all regions of the country. With more than 200 million inhabitants, one third of the deaths in Brazil are attributable to cardiovascular disease. 7 In ST-segment-elevation myocardial infarction (STEMI), responsiveness and access to an effective healthcare system is key to the implementation of timely reperfusion and to achieve better outcomes. 8 Notwithstanding, very little is known regarding health insurance-related disparities in reperfusion and mortality for patients with STEMI in Brazil. 7, 8 Advocating for public policies based on scientific evidence, the scarcity of data scrutinizing the effectiveness of the health care delivered by the SUS is notorious. Therefore, it is imperative to generate knowledge as to whether the SUS is fulfilling the constitutional guarantee of delivering high-level quality of health care and promoting equity. 9, 10 Small and nonrepresentative studies have pointed to the existence of huge disparities occurring between public and private healthcare system users. 11 This is especially critical because %72.1% of the Brazilians are totally dependent on the SUS to receive health care, and only 27.9% of Brazilians also have private healthcare coverage. 12 In the VICTIM (Via Crucis for the Treatment of Myocardial Infarction) register, we aimed to investigate disparities related to the time to access a primary percutaneous coronary intervention (PCI)-capable hospital, use of reperfusion (fibrinolytics or primary PCI), use of any method of revascularization (nonprimary PCI and/or coronary artery bypass graft) during hospitalization, and 30-day mortality for patients with STEMI using SUS, in comparison with those using private healthcare coverage. For the sample to be representative, the capital of the state of Sergipe was chosen, in which all the diagnosed cases of STEMI should be directed to 1 of the only 4 hospitals (3 private and 1 public) with the capacity for primary PCI care.
Methods

Study Population
Sergipe state, Brazil, has only 4 hospitals with PCI capabilities, for an estimated population of 2 million people. According to the Brazilian Institute of Geography and Statistics, 80.7% of the Sergipe population exclusively uses the SUS. The rest of the population (19.3%) also has access to a form of private health care. 13 For the SUS users, there is only 1 hospital with a PCI facility, which receives only patients transferred with previous diagnosis of STEMI. On the other hand, those who use 1 of the 3 private hospitals in the state that has a PCI facility have private health care, or pay from their own pocket to receive care.
We used data from the VICTIM register, which is a prospective, observational, uniquely representative statewide registry in Brazil, involving all PCI hospitals of Sergipe, to investigate disparities in health insurance related to patients with STEMI. All consecutive patients with STEMI presenting to 1 of the 4 hospitals with PCI capatibilities were evaluated for inclusion in the VICTIM register. For purposes of comparison, the population was divided into public hospital patients (those covered by the SUS and admitted to the nonprofit hospital) and private hospital patients (those using private health insurance or having out-of-pocket expense and admitted to 1 of the 3 for-profit hospitals). The data bank may be available from the corresponding author upon reasonable request.
The data were collected during the period from December 2014 to April 2017.Patients included in this study were those who came to 1 of the 4 PCI hospitals of Sergipe, in whom the diagnosis of acute STEMI was confirmed according to clinical presentation: pathological ST elevation in at least 2
Clinical Perspective
What Is New?
• In Brazil, the VICTIM (Via Crucis for the Treatment of Myocardial Infarction) register discloses that the delay from symptoms to arrival at a percutaneous coronary intervention hospital is much higher for patients using the Brazilian Public Health System when compared with those using the private healthcare system. • Fibrinolytics were impressively underused equally for public and private patients, and any reperfusion for ST-segmentelevation myocardial infarction is especially underused for patients using the Brazilian Public Health System. • Patients using the Brazilian Public Health System were significantly more likely to die during the 30-day follow-up.
What Are the Clinical Implications?
• The VICTIM register underscores large room for improvement of quality of care for patients with ST-segmentelevation myocardial infarction in Brazil. • Future studies should evaluate these findings at a national scale. • Urgent federal and regional public policies must be implemented to decrease the large disparities for patients with ST-segment-elevation myocardial infarction in Brazil using the Brazilian Public Health System. contiguous leads, and after adjudication before hospital discharge by the VICTIM team. At the nonprofit hospital, which assists SUS patients, when troponin was used, it was used as a qualitative assay.
Patients excluded from the study were those who were admitted to the nonprofit hospital but used state healthcare insurance (n=38); died before signing the informed consent (n=36); had their initial diagnosis of STEMI changed after adjudication (n=25); had STEMI after their hospital admission (n=7); refused to participate in the study (n=7), or had the STEMI event characterized as reinfarction (new acute myocardial infarction occurring within 30 days of the incident infarction) (n=7) (Figure) . The Federal University of Sergipe Ethics Committee and the review board at each hospital approved the study; all patients provided written informed consent as evidence of their agreement to participate in the survey.
Data Collection and Variables
Trained graduate students collected data related to this investigation. We performed abstraction from medical records and used a structured case report file developed for the VICTIM register.
We collected data regarding sociodemographic factors, previous cardiovascular risk factors, medical history, and symptoms at presentation to the PCI hospital. We estimated rates of utilization of cardiovascular-related drugs within the first 24 hours of hospital admission at the PCI hospital, rates of reperfusion (total, fibrinolysis, and primary PCI), rates of nonprimary PCI, and rates of coronary artery bypass graft during the hospitalization.
We also collected data regarding the time from symptom onset to hospital discharge, including time from symptom onset to arrival at the PCI hospital, door-to-balloon time, and length of stay. We also investigated the distance from the scene of the chest pain to the PCI hospital and the number of hospitals visited before arriving at the PCI hospital.
Mortality rates were collected during hospitalization and up to 30 days after the index event by a structured telephone interview. To minimize missing data, when telephone contact was not possible, it was done through letters or e-mails. Data to estimate in-hospital mortality rates were available for 100% of the cohort population (N=707), and data to estimate 30day mortality were available for 97.6% of the cohort population (N=690).
Statistical Analysis
Data were analyzed using Stata software, version 14.2 (StataCorp, College Station, TX) . Categorical variables were presented using counts and percentages, and the betweengroup differences were tested using the chi-square test or Fisher's exact test. Continuous variables were presented as means and standard deviations. The robust Levene test was used to evaluate the hypothesis of equality of variance between groups. Comparisons between continuous variables were tested using the unpaired Student t-test, adjusted for heterogeneity of variance according to the Satterthwaite method. To check the assumption of normality of distribution, we applied the Shapiro-Francia test. Continuous variables were summarized as means and SDs when the pattern of distribution was symmetric. Variables with skewed distribution were summarized as medians and interquartile range. For comparisons between ordinal or asymmetric variables, the Mann-Whitney test was used.
Logistic regression models were used to predict mortality during the 30-day period after hospital admission, starting from the unadjusted model, that is, having as a predictor only the type of hospital unit and then performing progressive adjustments in stages, using the variables age, sex, cardiovascular risk factors (hypertension, diabetes mellitus, dyslipidemia, and previous clinical history), and use of thrombolytic treatment or PCI. The effect size estimate was presented using an odds ratio, with 95% CIs. The Hosmer-Lemeshow test was used to estimate goodness of fit. In all the estimates, the criterion of statistical significance was a 2-tailed P<0.05.
Results
Patients Characteristics
From December 2014 to April 2017, we enrolled 707 patients admitted to 1 of the 4 hospitals of Sergipe state, Brazil, with primary PCI capabilities. Of the total, 589 (83.3%) STEMI patients were public patients and 118 (16.7%) were private patients. Baseline characteristics were similar regarding age, sex, Global Registry of Acute Coronary Events (GRACE) risk score, and electrocardiographic location of the acute myocardial infarction. Public hospital patients had less formal education (84.2% versus 29.6%; P<0.001) and were more likely to be current smokers (34% versus 9.3%; P<0.001). Patients in the private hospital had more dyslipidemia (36.3% versus 55.9%; P<0.001), family history of coronary artery disease (29.4% versus 9.3%; P<0.001), previous myocardial infarction events (7. 1% versus 16.1%; P<0.001), and previous coronary artery bypass grafting (0.8% versus 5.1%; P<0.001) ( Table 1 ).
Access and Timeliness to PCI Hospitals
The mean delay time from the onset of symptoms to the first medical contact (2.6AE4.9 versus 2.6AE5.3 hours; P=0.98) was similar, and the rate of self-transport to reach the first institution (70.8% versus 87.3%; P<0.001) was high to public and private service, respectively ( Table 2 ). In both services, the mean distance traveled by patients from chest pain scene to the hospital with angioplasty was 74AE71.27 km versus 28.2AE55.60 km (P<0.001), respectively; however, the patients of the public service went through 1 (77.1% versus 25.4%; P<0.001) or more institutions (21.7% versus 0.9%; P<0.001) ( Table 2 ). The mean time between onset of symptoms and arrival at the PCI hospital was higher for the SUS patients compared with the users of the private system (25.4AE36.5 versus 9.0AE21 hours; P<0.001, respectively) ( Table 2 ). For those patients who received primary PCI, symptom onset to arrival at the PCI hospital was also higher for the SUS patients (7.9AE3.7 versus 3.8AE3.9 hours; P<0.001) ( Table 2 ). The mean hospital length of stay was higher for the SUS patients (9.8AE7.2 versus 8.9AE7.9 hours; P<0.001) ( Table 2 ).
Medical Treatment, Reperfusion, and Revascularization Rates
The rates of use of clopidogrel (96.8% versus 31.4%; P<0.001) and angiotensin-converting enzyme inhibitors (73.1% versus 29.7%; P<0.001) was higher for the SUS patients. On the other hand, the use of ticagrelor (0.7% versus 70.3%; P<0.001), b-blockers (27.9% versus 47.5%; P<0.001), and angiotensin receptor blockers (7.3% versus 24.6%; P<0.001) was higher for private patients ( Table 3) .
Rates of use of fibrinolytics before arriving at the PCI hospital were extremely low in both groups (2.5% versus 1.7%; P=0.58). Rates of primary PCI use were significantly lower for the SUS patients (45% versus 78%; P<0.001) ( Table 3 ). Rates of nonprimary PCI were higher for the SUS patients (32.9% versus 19.5%; P<0.001) ( Table 3 ).
Mortality Rates
A 30-day mortality occurred in 70 of 589 of the SUS patients (11.9%), and in 7 of 118 patients (5.9%) in the private hospitals. In the unadjusted model, the odds ratio for 30-day mortality for the SUS patients was higher (odds ratio, 2.96; 95% CI, 1.15-7.61; P=0.02; Table 4 ). In the model adjusted for age and sex, the odds ratio for 30-day mortality for the SUS patients was 2.59 (95% CI, 1.12-5.97; P=0.02). When adjusted for age, sex, risk factors, family history of coronary artery disease, and GRACE risk score, it was 3.00 (95% CI, 1.20-7.52; P=0.02; Table 4 ). In the fully adjusted model, the odds ratio for 30-day mortality for the SUS group, adjusted for age, sex, risk factors, family history of CAD, GRACE risk score, and reperfusion was 2.96 (95% CI, 1.15-7.61; P=0.02; Table 4 ).
Discussion
In this prospective, observational cohort study on the access, management, and outcomes of patients with STEMI, using data from the VICTIM register, it was found that, first, the mean time of delay from symptoms to arrival at a PCI hospital was much higher for the SUS patients; second, the SUS patients were less likely to receive reperfusion; and third, after several adjustments for confounders, the SUS patients presented a higher 30-day mortality compared with private patients. These findings provide the best evidence so far that the Brazilian public healthcare system for patients with STEMI is falling short on equity.
Previously, a small and nonrepresentative study verified that 20.6% of the SUS patients with STEMI received fibrinolysis, compared with 54% of private patients. In addition, hospital mortality was 19.5% for the SUS patients, as compared with 4.8% for private patients. 14 Unfortunately, no data were provided with respect to the prehospital phase of STEMI care, and for convenience the authors selected only 2 hospitals.
Our data showed that only 2.5% of the SUS patients, and 1.7% of private patients admitted to 1 of the 4 PCI-available hospitals received fibrinolytic therapy before arriving. According to guidelines, all patients undergoing fibrinolysis must be sent to a PCI hospital within 24 hours. 15 Therefore, these rates for the use of fibrinolysis may represent the current practice of nontertiary hospitals within Sergipe state.
These numbers contrast with the largest Brazilian registry, the BRACE (Brazilian Registry on Acute Coronary Syndromes) study, 16 which enrolled, by convenience, 71 hospitals from all main regions of the country. The rates of use of reperfusion therapy varied between 52.5% in the north-northeast region to 75.5% in the south-southeast region. Nevertheless, no data were provided with respect to the distribution of the SUS and private patients or for rates of reperfusion between these 2 groups.
During the study period, only 45% of the SUS patients and 78% of the private hospital patients admitted to a PCI hospital received primary PCI. These data confirm a substantial underutilization of primary PCI therapy, even for patients who have access to what may represent the best scenario for treating STEMI, also found in other studies. 17 From symptom onset to arrival at a PCI hospital, the delay for the SUS patients was %3 times higher. Approximately 50% of SUS patients arrived at the PCI hospital after the 12-hour window for reperfusion. Even for those who arrived during the reperfusion window at the PCI hospital, the SUS patients spent twice the time of the private patients. For SUS patients, as it is required STEMI confirmation at a smaller center prior to referral to the PCI hospital, this delay could explain most of the observed disparities. Approximately two thirds of the STEMI population arrived at the first hospital by selftransportation, indicating the lack of effectiveness of the public emergency medical transport system to assist patients with STEMI. In addition, 73.3% of private patients had direct access to the PCI hospital, compared with only 1.2% of the SUS patients. Before arrival at the PCI hospital, 77.1%, 19.2%, and 2.5% of the SUS patients visited 1, 2, or 3 hospitals, respectively. Moreover, the distance traveled from the scene of the chest pain to a PCI hospital was higher for the SUS patients. The Sergipe public healthcare network is composed of 7 secondary hospitals distributed according to major regions and primary smaller healthcare clinics, some of these hospitals with capacity to perform ECG consultation by telemedicine service. Unfortunately, most of the SUS patients could have been given thrombolytics at this level and referred to the PCI hospital within 24 hours for pharmaco-invasive treatment. Nevertheless, there are no evidence-based reperfusion protocols to assist these patients with STEMI outside the public tertiary hospital. Therefore, SUS patients diagnosed (21.2) at primary or secondary centers necessarily need to be referred to the public PCI hospital to receive reperfusion. SUS patients with STEMI arriving at a private PCI hospital must receive primary PCI before being referred to the public PCI hospital. Altogether, these data confirm that the Brazilian public healthcare system must improve substantially to reach the promise of offering equity on access and use of effective therapies for patients with STEMI. A hub-and-spoke model, as successfully implemented in India, could be an effective solution to mitigate such disparities observed in Brazil. 18 At the PCI hospital level, door-to-balloon time was above the recommended time in both groups, higher than what has been recommended and found in other studies. 19 Regarding medical treatment, b-blockers were less likely to be prescribed within the first 24 hours for the SUS patients, despite similar GRACE risk scores between the 2 groups. As less than 50% of the SUS patients received primary PCI, b-blocker underuse in the SUS patients might have been critical for the mortality outcome. Because of the restrictive national public healthcare policy in Brazil, the SUS patients have access to only clopidogrel, despite the current evidence of superiority of ticagrelor. 15, 20 In contrast, in private patients, and as recommended by current guidelines, ticagrelor was the preferred ADP inhibitor. 15, 20, 21 ACE inhibitors were more likely to be prescribed for the SUS patients, and angiotensin receptor blockers were more likely to be prescribed for private patients. As this practice is not supported by guidelines, marketing and commercial issues might explain the clinical decision-making process at private hospitals.
Despite similar levels of disease severity, as evaluated by the GRACE risk score, the SUS patients presented twice the 30-day mortality when compared with private patients. The higher 30-day mortality persisted even after the full adjustment, which included reperfusion access. 22 We must point out that, in addition to the lower rates of reperfusion in the SUS patients, we also noted a higher delay from symptom onset to arrival at a PCI hospital, experienced by the SUS patients who received primary PCI, than for private hospital patients, indicating that for those who received primary PCI, its effectiveness might have been lower for the SUS patients.
Compared with previous studies, our study has a major strength. Our registry covered all PCI hospitals of 1 Brazilian state and has a very low percentage of losses during followup. Therefore, this is the most representative study addressing health insurance-related disparities in reperfusion and mortality for patients with STEMI in Brazil. The present study may serve as a template to create a national registry aimed at ameliorating quality-of-care data and, as a consequence, leveraging the cycle of improvement. Our study has important limitations. First, we collected data only from PCI hospitals. As we do not have data regarding rates of reperfusion and mortality at non-PCI hospitals, disparities for the SUS patients not sent to PCI hospitals might have happened. Second, the longer delay to hospital arrival at the PCI hospital might have added survival bias to the SUS patients. Third, the low level of education, especially in the SUS group, compromised the selfreported information with respect to personal medical history, with a trend to underreporting risk factors and comorbidities. Nevertheless, this fact might have attenuated the adjusted mortality difference between the SUS and private patients. In conclusion, this statewide-level study demonstrates that the Brazilian healthcare system is deficient in providing care to its users. Fibrinolytics were impressively underused equally for public and private patients. Door-to-balloon time was above the recommendation at both public and private hospitals. The delay in reaching a PCI hospital was %3 times higher for the SUS patients. Primary PCI was underused in both groups, but especially in the SUS patients. More importantly, the SUS patients were significantly more likely to die during the 30-day follow-up, indicating that the Brazilian public health system may be falling short on equity. Our study underscores room for improvement for private and public users. Nevertheless, as the vast majority of the Brazilian population is dependent on SUS to have access to responsive cardiovascular health care, integrating the logistics of evidence-based STEMI protocols at primary, secondary, and tertiary public hospitals will be the most important step to improve the quality of care and to decrease disparities for patients with STEMI in Brazil.
